PbO 2 and SnO 2 are two promising anode materials for electrochemical oxidation. In order to highlight the difference between two kinds of electrodes in an electrochemical oxidation process, their morphology, structural, oxygen evolution overpotential (OEP), electrochemical activity and service life-time were compared in detail in this paper. Surface characterization by scanning electron microscope shows that the film of the PbO 2 electrode is even, compact, non-porous, and non-cracked, while many cracks are present on the film of the SnO 2 electrode. Electrochemical studies based on linear sweep voltammetry (LSV) and cyclic voltammetry (CV) prove that the OEP for the SnO 2 electrode was much higher than that of the PbO 2 electrode, and the electron-transfer kinetics and the reversibility of electrode reaction of the SnO 2 electrode were superior to those of the PbO 2 electrode. In electrochemical decomposition of p-nitrophenol, the degradation ratios at PbO 2 and SnO 2 anodes achieved 86.9% and 96.5%, respectively, after 120 min electrolysis, which verified the results of LSV and CV. The accelerated lifetime tests show that the service life time of the SnO 2 electrode is far shorter than that of the PbO 2 electrode, even though it was shown to be superior to the PbO 2 in electrocatalytic activity.
INTRODUCTION
Fresh water scarcity has been a severe problem in recent years. Moreover, an increase in water pollutant levels is directly threatening the safety of drinking water for humans and animals. Thus, extensive wastewater treatment technologies have been developed, among which electrochemical oxidation is a promising approach for the degradation of refractory organic pollutants in water due to its many distinctive advantages including strong oxidation performance, environmental compatibility, versatility, cost effectiveness and amenability to automation (Zhuo et al.
; Liu et al. ).
The degradation efficiency of organic pollutants in an electrochemical oxidation process depends on the activity of the anode materials (Zhao et al. ) . (Lin et al. ) . Among all these anode materials, PbO 2 and SnO 2 are two promising candidates in view of their effective degradation for organic pollutants, simple preparation process and low cost. In previous studies, the degradation applications of a variety of organic wastewaters were reported for these two electrodes, such as dye wastewater (Río et al. ) , landfill leachate (Panizza & Martinez-Huitle ), carwash wastewater (Panizza & 
METHODS

Electrode preparation
The PbO 2 electrode was prepared by electro-deposition. The specific details of the preparation method can be found in
The SnO 2 electrode was prepared by thermal deposition. Firstly, Ti substrates underwent a preparation of sandblasting, 10 min of ultrasonic cleaning in acetone, 10 min of ultrasonic cleaning in deionized water, 2 h of etching in boiling aqueous 15% oxalic acid, and rinsing with deionized water. Then, the pretreated Ti substrates were brushed with a solution containing 20 g SnCl 4 ·5H 2 O and 2 g SbCl 3 in 100 mL of isopropanol-HCl mixture, dried at 120 W C for 10 min, and baked at 500 W C for 10 min. This procedure was repeated 10 times. Finally, the Ti substrate was annealed at 500 W C for 1 h.
Electrode characterization
SEM was carried out on a Hitachi S-570 model instrument.
XRD patterns of samples were obtained with an XRD (Rigaku D-max/3C) using Cu Kα radiation (45 kV, 30 mA).
LSV and CV were executed in the PGSTAT302 electrochemical workstation. LSV and CV measurements were both carried out with a conventional three-electrode system. The fabricated PbO 2 and SnO 2 electrodes were used as the working electrode, a platinum sheet as the auxiliary electrode, and a saturated calomel electrode as the reference electrode.
Batch experiment
The electrochemical degradation experiments of p-NP were carried out by batch processes and the apparatus mainly consisted of a direct-current power supply, a heat-gathering style magnetic stirrer and a glass reactor. 
RESULTS AND DISCUSSION
Surface morphology and phase structure
The SEM images of PbO 2 and SnO 2 electrodes are shown in The presence of diffraction peaks of Ti demonstrates that the formed SnO 2 film was still so thin that the X-ray went to the Ti substrate. In addition, it can be found that no diffraction peak of Sb 2 O 3 was observed in the pattern of the SnO 2 electrode because there was too little Sb dopant in the film to be detected by XRD analysis.
Electrochemical measurements
The oxygen evolution overpotential (OEP) of the PbO 2 and Interestingly, the current response of the third oxidation peak (at about 1.2 V vs. SCE) with p-NP is much higher than that without p-NP in the first cycle, but in the subsequent cycles, if p-NP existed in the solution, this peak decreased to total disappearance, if not, it increased slowly and moved negatively. These differences indicate that the third oxidation peak in Figure 5 (a) should be attributed to the oxidation reaction of p-NP on the surface of the PbO 2 electrode, which may overlap the oxidation peak of formation of PbO 2 in Figure 5 (c).
The gradual disappearance of peaks in Figure 5 (a) with the increase in scan times means that a passivation film was formed on the surface of the PbO 2 electrode during the oxidation of p-NP in Na 2 SO 4 solution, which prevented all reactions further occurring on the surface of the electrode.
In the voltammogram of the SnO 2 electrode in Na 2 SO 4 solution containing p-NP ( Figure 5(b) ), an irreversible oxidation peak presented at 1.25 V vs. SCE in the first cycle. it can be determined that this oxidation peak was ascribed to the oxidation of p-NP on the surface of the SnO 2 electrode.
It can also be observed that, in subsequent cycles, the oxidation peak decreased gradually during the successive cyclic voltammetric sweeps, but it still exists until the tenth cycle, which shows that passivation also occurred on the SnO 2 electrode, but the rate of passivation was slower than that of the PbO 2 electrode.
Degradation of p-NP on different electrodes
Electrochemical degradation experiments of p-NP at PbO 2 and SnO 2 anodes were performed by applying 30 mA cm Thus, we can conclude that the SnO 2 electrode had a stronger oxidation performance for p-NP, which was in agreement with the above deduction in polarization curves.
Electrode stability 
